A gram-negative, peritrichously flagellated rod, tentatively identified as an Alcaligenes sp., was isolated from a mixture of soil and water samples by using 1,3-dichlorobenzene as the sole carbon and energy source. During growth on 1,3-dichlorobenzene, almost stoichiometric amounts of chloride were released. Simultaneous adaptation studies, as well as enzyme studies, indicated that 1,3-dichlorobenzene was metabolized via 3,5-dichloro-cis-1,2-dihydroxycyclohexa-3,5-diene to 3,5-dichlorocatechol. Subsequently, the latter product was cleaved, yielding 2,4-dichloromuconate. No initial hydrolytic step yielding 3-chlorophenol was detected in this species.
Recently, it was demonstrated that organisms utilizing 4-chlorobenzoate in an initial hydrolytic reaction produce 4-hydroxybenzoate, which in turn is further metabolized (18, 20) . Because such novel types of enzymatic reactions yield hydroxylated aromatic compounds that may be of commercial interest (W. J. J. van den Tweel, N. ter Burg, J. B. Kok, and J. A. M. de Bont, submitted for publication), we decided to isolate various organisms on different haloaromatics and to investigate whether the isolates contained such a hydrolytic enzyme. During our investigation several haloaromatic-utilizing strains were isolated, including a 1,3-dichlorobenzene (1,3-DCB)-utilizing bacterium. Although the commercial production of 1,3-DCB is very limited, in contrast to the 1,2-and 1,4-isomers, which have a yearly production of about 30,000 tons (14) , the mean concentration of 1,3-DCB in the Niagara River was 11 ± 13 ng liter-', almost one-half the 1,2-and 1,4-DCB concentration (21) . Dichlorobenzenes are chemically stable compounds under environmental conditions but can be biodegraded (4) . After an acclimation period of 500 days, 1,3-DCB was biodegraded as a secondary substrate by an acetate-grown biofilm; the acclimation periods for 1,2-and 1,4-DCB biodegradation were substantially shorter (20 and 10 days, respectively) (4) .
Experiments with whole cells and enzyme studies revealed that the 1,3-DCB-utilizing isolate did not contain a haloaromatic dehalogenase, but since, to our knowledge, no bacterium able to grow on 1,3-DCB has been described, we report the characteristics of the organism and the route of 1,3-DCB metabolism.
MATERIALS AND METHODS
Maintenance and cultivation of bacterium. Strain OBB65 was kept on slants of a mineral salts medium at 30°C in a desiccator. 1,3-DCB was supplied through the gas phase by putting 3 pAl of liquid 1,3-DCB liter of gas-' in the desiccator.
The mineral salts medium used throughout the study contained the following (in grams liter-'): (NH4)2SO4, 3; MgSO4 .7H20, 0.1; K2HPO4, 1.55; and NaH2PO4-2H20, 0.85; 0.2 ml of a trace element solution (24) was also included. Enrichment of the organism and growth of cells in small quantities were conducted in 250-ml Erlenmeyer flasks that contained 50 ml of the mineral salts medium. 1,3-DCB (1.75 mmol unless stated otherwise) and other volatile sub-* Corresponding author.
strates were introduced with a syringe through the septum of a tube which was mounted in the rubber stopper sealing the flask (9) . The tube had a small opening inside the flask (9) . Pure cultures were incubated on a rotary shaker (1 Hz) at 30°C. The growth rates of the organism on volatile substrates (benzene, monochlorobenzene, 1,3-DCB, and 1,4-DCB) were determined in a similar manner except that flasks had a side arm so that turbidity could be measured at various time intervals with an EEL nephelometer (Evans Electroselenium, Ltd., Halstead, England). Larger quantities of cells were grown in 5-liter Erlenmeyer flasks equipped with a tube mounted in a rubber stopper; these flasks contained 500 ml of mineral salts medium.
Suspensions of washed cells and cell extracts. Cells were harvested in the mid-exponential growth phase by centrifugation (16,000 x g for 10 min at 4°C), washed with potassium phosphate buffer (pH 7.0, 50 mM), and suspended in the same buffer. For the preparation of cell extracts, cells were disrupted by ultrasonic disintegration (8 times for 15 (Table  1) . Special attention was given to monochlorophenols because it was expected that such compounds would be intermediates if the metabolism of 1,3-DCB proceeded by an initial hydrolytic reaction. It appeared, however, that neither monochlorophenols nor dichlorophenols were intermediates ( Table 1) . The experiments were done at very low phenol concentrations because it is known that chlorophenols are extremely toxic to bacterial cells (15) . The oxygen uptake rates were confirmed by measuring chloride release from mono-and dichlorophenols by 1,3-DCB-grown cells. No appreciable amounts of chloride were formed when the various chlorophenols (at 0.1 mM) were supplied to suspensions of 1,3-DCB-grown cells. The effects of the chlorophenols on oxygen uptake rates are consistent with the observation that the organism was unable to grow on the chlorophenols. A more pronounced effect on substratedependent oxygen uptake was observed when 1,3-DCBgrown cells were given either the growth substrate 1,3-DCB, 1,4-DCB, monochlorobenzene, or benzene or the possible intermediate cis-1,2-dihydroxycyclohexa-3,5-diene, catechol, or 3,5-dichlorocatechol ( Table 1 ). The results indicate that neither a monochlorophenol resulting from an initial hydrolytic reaction nor a dichlorophenol, as postulated by Ballschmiter and Scholz (2) , is a probable intermediate in the metabolism of 1,3-DCB. Ballschmiter and Scholz (2) identified dichlorophenols as bacterial degradation products of 1,3-DCB. However, as indicated by Reineke and Knackmuss (22) , these products can be readily interpreted as artifacts derived from the product of an initial dioxygenation of 1,3-DCB (2,4-dichloro-cis-dihydroxycyclohexa-3,5-diene). This implies that the route for 1,3-DCB metabolism is essentially that described for benzene (10, 11) or monochlorobenzene (22) . These compounds are dihydroxylated to a cis-dihydrodiol which in turn is dehydrogenated to a catechol which subsequently undergoes ring opening.
Enzyme activities in extracts. The feasibility of such a route yielding 3,5-dichlorocatechol was further investigated by measuring specific enzyme activities in extracts from cells grown on various substrates ( (22) . In OBB65 the chlorinated catechol was less readily oxidized, whereas in WR1306 3,5-dichlorocatechol was a better substrate than catechol. In Pseudomonas strain B13 two different catechol 1,2-dioxygenases are present (6) . The dioxygenase in Alcaligenes strain OBB65 resembles the type II dioxygenase from Pseudomonas strain B13 since the oxidation rates of 3,5-dichlorocatechol were appreciable; the type I 1,2-dioxygenase in Pseudomonas strain B13 hardly oxidized chlorocatechols, whereas the type II enzyme did oxidize chlorocatechols (7) . Since the ratio of substrate utilization with catechol and 3,5-dichlorocatechol was comparable in cells grown on benzene, monochlorobenzene, 1,3-DCB, or 1,4-DCB, it seems likely that only one isoenzyme is present in Alcaligenes strain OBB65, as was observed for strain WR1306 (22) . It was confirmed that the product formed from 3,5-dichlorocatechol by the dioxygenase was 2,4-dichloromuconate by incubating cell extracts from 1,3-DCB-grown cells with 3,5-dichlorocatechol. By following the procedure described by Dorn and Knackmuss (7), it was demonstrated that a substance with the same UV characteristics as 2,4-dichloromuconate (8) accumulated (Fig. 2) . We did not investigate whether the dichloromuconate formed was further metabolized in Alcaligenes strain OBB65 as was reported for 2,4-dichlorophenoxyacetate-utilizing bacteria (8, 23) . On the basis of the results obtained, we tentatively propose a pathway for the catabolism of 1,3-DCB in Alcaligenes strain OBB65 (Fig. 3) .
